disease itself is not rapidly fataL PD may be better tolerated than hemodialysis and perhaps should be the renal replacement treatment of choice in these patients. P atients with chronic liver disease and ascites who require dialysis for acute or chronic renal failure pose difficult management problems. Hemodialysis in these patients may be complicated by intradialytic hypotension, limiting the amount of ultrafiltration and resulting in massive ascites [l-3] . These patients are also at high risk for gastrointestinal bleeding, which can be exacerbated by anticoagulation.
Peritoneal dialysis (PD) may have several distinct advantages in treating patients with chronic liver disease and ascites, including slow and continuous ultrafiltration using equilibration PD techniques, direct removal of ascitic fluid, and avoidance of anticoagulation.
Despite these theoretic considerations, there are few reports of maintenance PD in such patients. Potential disadvantages that may have limited the use of PD in these patients include the fear of excessive bleeding following catheter placement, inefficient ultrafiltration and solute removal in the presence of massive ascites, and protein loss through the peritoneal membrane [4] .
Nine patients with chronic liver disease and ascites have been treated successfully with maintenance PD at our institution, and this report serves to describe these cases and review the pertinent literature.
PATIENTS AND METHODS
The records of the PD unit of the University of Michigan were reviewed, and all patients with both chronic renal failure and liver disease were identified. All patients who had evidence of chronic liver disease and ascites at the time of initiation of PD were included in this retrospective review. Ascites was defined by the presence of a fluid wave or shifting dullness on physical examination, or by evidence of ascites on abdominal computed tomographic (CT) scan or ultrasound. Nine patients were identified who met these criteria among the 465 patients treated in our chronic PD program between 1980 and 1990. Table I shows the etiology of liver disease and renal disease in our patients. Table II shows the clinical characteristics of liver disease in our patients including the Pugh modification score of the Child-Turcotte classification system, which describes the severity of cirrhosis [5] . All nine patients had a history of tense ascites prior to initiating PD. Seven patients were maintained primarily on continuous ambulatory peritoneal dialysis, whereas two were on intermittent peritoneal dialysis.
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RESULTS
Insertion of PD Catheter
All chronic PD catheters were placed percutaneously in a paramedian location by the nephrology staff using a stainless steel trochar technique before 1985, and using a guide wire and peel-away sheath technique after 1985 [6] . There were no serious hemorrhagic complications or bowel injuries. Five patients had elevated prothrombin times (14.1, 14.6,15.1,16.3, and 26 seconds), and bleeding times were not checked routinely prior to catheter insertion. Eight catheters were curled, double-cuff devices, and one was a double-cuff straight catheter. Due to immediate dialytic needs, six catheters were used for low volume, short intraperitoneal dwell time dialysis on the day of insertion. One of these six patients (Patient 7) developed a small leak at the insertion site that resolved after 2 days without PD. There were no leaks in the three patients whose catheter use began after a 7-to lo-day break-in period. Patient 7 had unsuspected spontaneous bacterial peritonitis with Klebsiella pneumonia at the time of catheter insertion. The catheter was left in place, and the infection was successfully treated with intraperitoneal antibiotics.
Duration of PD Table II shows the duration of PD and the reason for termination for each patient. Three of the nine patients are still alive and on PD with durations of 18 to 24 months Two patients switched to hemodialysis. One of these patients insidiously developed sclerosing peritonitis after 8 years on PD. The other patient switched to hemodialysis because she was no longer able to care for herself or to manage her PD, even though her PD course had been medically uncomplicated.
Incidentally, while on hemodialysis, she continued to use her chronic PD catheter for intermittent drainage of symptomatic ascites. Four patients died while maintained on PD; three of these deaths were due to complications of liver failure within the first 4 months of treatment and the fourth was associated with empyema and possibly related to chronic PD after 4 years of treatment.
Adequacy of Dialysis
All patients were maintained without uremic symptoms while on PD except Patient 2 when she developed sclerosing peritonitis. Blood urea nitrogen (BUN) ranged from 40 to 70 mg/dL in seven patients. BUN was 80 to 95 mg/dL in Patient 5 and was less than 70 mg/dL in Patient 2 until she developed sclerosing peritonitis when her BUN increased to 125 mg/dL and necessitated switching to hemodialysis. Table II lists the weekly urea index shown as KT/V (K = clearance of urea; T = time of dialysis; V = volume of distribution of urea) for each patient [7] . Several patients had residual urine output; however, only Patient 5 had a 24-hour urine collection to quantify the residual renal function (C,), and thus the KT/V calculations in the other patients may underestimate the total clearance. Four patients had 3-hour peritoneal equilibration tests to assess their peritoneal transport kinetics. The ratio of dialysate urea to plasma urea (D,,,J P,& ranged from 78% to 91% except in Patient 2 after the onset of sclerosing peritonitis, when her D&P,,,, decreased from 91% to lo%, with the average 3-hour D,,,JP urea in our program averaging 0.81 f 0.08 (unpublished data). We have not been able to obtain a peritoneal equilibration test on Patient 4 since he is a prison inmate, and the other four patients either died too early in the course to assess KTIV adequately or died during the period prior to regular KT/V and peritoneal equilibration test evaluations.
Hematocrit, another marker of dialysis adequacy, was less than 30% in five patients at the time of PD initiation. One of these patients had a increase from 26% to 33% after starting PD, and the others had stable hematocrits without the need for transfusions. Hematocrits were also stable in those patients who began with a hematocrit greater than 30%.
Pleural Effusion
Two patients developed large chronic right pleural effusions. A radiolabeled peritoneogram in Patient 9 showed that peritoneal fluid flowed into his right pleural space. A similar study was not done in Patient 1. Patient 1 died secondary to a right empyema. Patient 9's death was unrelated to his pleural effusion.
Hernia
Patient 5 had an umbilical hernia at the time of catheter insertion, which was repaired 3 month8 later. Three patients developed hernias after beginning PD. Patient 2 developed an incisional hernia, which was repaired. Patient 4 developed an umbilical hernia, which improved with a decrease in exchange volume. Patient 9 developed a large umbilical hernia, which could not be repaired secondary to hi8 poor general condition. All hernia repairs were successful, no hernias recurred, and patients continued with chronic PD therapy.
Peritonitis
There were 15 episode8 of peritonitis in a total of 18 patient-years of PD. Seven infections were due to coagulase-negative staphylococci, one was due to a coagulase-positive staphylococci, four were due to Esherichia coli, and one due to a nonspecified gram-negative rod. Two infections were treated without obtaining a culture prior to initiation of antibiotic therapy. Seven infections required inpatient hospitalizations because the patients were believed to be too ill for outpatient management; how- YEARS OF CAPD ever, no patient needed care in the intensive care unit. All episodes were successfully treated with intraperitoneal antibiotics without catheter removal. There were no episodes of hepatic encephalopathy associated with peritonitis episodes.
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Hypoalbuminemia Figure 1 shows the course of serum albumin in eight of nine patients, excluding Patient 6 who survived only 2 months. Only one patient had a decrease in the serum albumin level of 0.5 g/dL or more during the course of chronic PD. In all other cases, the serum albumin level remained stable through courses ranging from 4 months to 8 years. Dry weight, another indicator of nutritional adequacy, was stable or increased in all patients while maintained on PD, except for Patient 1 who lost 40 pounds in the 6 months prior to his death after having a stable weight for 3.5 years.
COMMENTS
Acute and chronic renal failure frequently complicate chronic liver disease. Although hypotension is frequent during hemodialysis in these patients [l-3] , it is surprising that successful maintenance PD has not been reported as an alternative to hemodialysis in this population. The successful use of acute PD has been described in case reports of patients with chronic liver disease and in patients with fulminate acute liver disease &lo]. However, the largest series of acute PD in patients with liver disease had discouraging results. All of the 20 cirrhotic patients died prior to hospital discharge, and only six of the 50 patients with fulminate acute liver disease survived [l]. This study also described five cirrhotic patients with acute renal failure treated with hemodialysis, all of whom died. PD has been used to treat noncirrhotic end-stage renal disease patients with hemodialysis-related ascites. These patients also have frequent hypotension during hemodialysis; however, they do not have liver disease or portal hypertension [ll-141. We have successfully utilized maintenance PD in nine patients with chronic renal failure and chronic liver disease complicated by ascites. All of our patients had their peritoneal catheters placed percutaneously at the bedside. Although cirrhotic patients are potentially at greater risk of hemorrhagic complications secondary to the combination of abdominal wall varices, uremic platelet dysfunction, and clotting factor deficiency, we encountered no serious hemorrhagic complications. We also had minimal problems with leakage of dialysate despite early utilization of the catheters. Similar results have been reported for placement of stiff acute PD catheters in cirrhotics, although most of these previous reports have described catheters placed for short-term ultrafiltration and peritoneal reinfusion of ascitic fluid in patients with massive ascites with or without uremia [1,9,10,X-18] .
In our series, five of nine patients survived on PD for at least 18 months with good control of uremic symptoms and volume status. Three of these patients are currently doing well on PD. These good PERITONEAL DIALYSIS IN PATIENTS WITH CHRONIC LIVER DISEASE / MARCUS ET AL results occurred despite low weekly clearances of urea, as measured by the KT/V calculations [19, 20] . These patients were treated before we used kinetic analysis to help determine our PD prescriptions. Since the patients appeared to be clinically well dialyzed on their PD regimens using primarily 1.5-L exchanges, we did not increase their exchanges to 2 L. Furthermore, the calculated KT/V may have substantially underestimated the amount of total clearance for these patients since residual renal function was not measured [19] .
The survival of our patients compares favorably with the expected survival of cirrhotic patients in general. The Pugh modification score of the ChildTurcotte classification for our patients' liver disease is shown in Table II . Patients with a score between 7 to 9 have been reported to have an 80% lyear survival rate, and patients with a score greater than nine have a 45% l-year survival rate [5] . However, these survival rates are in patients without chronic renal failure, and renal failure likely imposes a substantial disadvantage to survival overall. In addition, three of our patients had a history of hemorrhage from esophageal varices, a strong risk factor for early mortality in chronic liver disease [21-231. Two of these patients survived for only 2 to 3 months after beginning PD.
The rate of peritonitis in our patients, one episode every 1.2 patient-years, is similar to that of previous reports for PD patients in general [24] . Although spontaneous bacterial peritonitis is a well-known precipitator of hepatic encephalopathy, our patients did not develop hepatic encephalopathy during 15 episodes of PD-associated peritonitis. This difference may have been due to early diagnosis of peritonitis in PD patients, to the intermittent peritoneal lavage with each dialysis fluid exchange, or to inherent pathogenic differences between PD peritonitis, a common skin organism infection from an external source, and spontaneous bacterial peritonitis, a serious enteric infection from internal sources. In addition, it is possible that PD removes some of the toxin that causes hepatic encephalopathy, akin to reports of temporary improvement in some patients with hepatic encephalopathy following high-permeability hemodialysis [25, 26] . Also, the patient who had spontaneous bacterial peritonitis found unexpectedly at the time of catheter placement did well with intraperitoneal antibiotics and ongoing PD without catheter removal.
Only two of our patients had complications of PD that contributed to the death of one patient and led to discontinuation of chronic PD in the other. One patient had a chronic pleural effusion that became infected, leading to his death after 4 years of PD. Pleural effusions are reported to occur in 1.6% of PD patients without pre-existing liver disease [27] and are common in cirrhotic patients not on dialysis [28] . Although a large abdominal volume secondary to ascites accumulation and PD fluid could lead to high intra-abdominal pressure and hence an increased tendency for translocation of fluid through small holes in the diaphragm, this patient did not have tense ascites while on PD. The other patient developed sclerosing, calcifying peritonitis. She had only one episode of peritonitis during her 8 years of PD. Whether portal hypertension in addition to chronic peritoneal exposure to hypertonic solutions played a pathogenic role in the development of sclerosing peritonitis is unknown.
In summary, this report demonstrates that PD can be successfully used to treat end-stage renal disease in patients with chronic liver disease and ascites. PD may be better tolerated than hemodialysis, and perhaps should be the renal replacement treatment of choice in these patients since it eliminates the need for anticoagulation, controls ascites accumulation, may prevent serious complications from spontaneous bacterial peritonitis, and can often be associated with excellent long-term survival and sustained nutrition in patients whose liver disease itself is not rapidly fatal.
